Congenital adrenal hyperplasia (CAH) is due, in
approximately 95% of cases, to deficiency of 21-hydroxylase (New, 1968) . This enzyme is necessary for the hydroxylation of 17a-hydroxyprogesterone (17-OHP) in the biosynthesis of cortisol. Deficiency results in the accumulation of cortisol precursors, chiefly 17-OHP, of which the plasma level may be 50 to 200 times greater than normal (Strott, Yoshimi, and Lipsett, 1969) and in the increased production of adrenal androgens. The diagnosis of CAH has hitherto depended on the demonstration of an excess of the metabolites of cortisol precursors and androgenic steroids in the urine. However, measurement of the plasma 17-OHP level seems likely to provide a more sensitive and convenient index of the condition. This paper reports determinations in children with CAH using a simple competitive protein-binding assay for the measurement of plasma 17-OHP, based on the work of Murphy (1967 Other methods. Standard methods were used for the estimation of 17-oxosteroids (Norymberski, Stubbs, and West, 1953), pregnanetriol (Brooks and Prunty, 1960) , and the 11-oxygenation index (Edwards, Makin, and Barratt, 1964) .
Results
Normal children. Plasma obtained from the umbilical veins of 10 infants after normal deliveries gave falsely high values for '17-OHP', ranging from 5 1-22 2 ,tg/100 ml due to the high levels of maternal progesterone (van der Molen and Aakvaag, 1967). Plasma from 10 normal infants at the age of 6 days gave values less than 0 * 5 ,ug/100 ml.
Plasma from 20 children without evidence of endocrine disease, 12 boys and 8 girls, aged from 1 to 13 years, was obtained before and 30 minutes after tetracosactrin. All showed a normal rise in plasma cortisol. In each case the resting 17-OHP Diagnosis of CAH by Measurement a value was less than 0 5 ,ug/100 ml and showed no detectable rise after adrenal stimulation.
Adults heterozygous for CAH. Six parents of children with CAH, 3 male and 3 female (tested during the follicular phase of the menstrual cycle), showed resting values below 0 5 ,ug/100 ml and no detectable rise after tetracosactrin stimulation.
Children with CAH. Resting plasma 17-OHP levels between 8.00 and 10.00 a.m.. and other relevant details of 7 children with untreated CAH are shown in the Table. In one patient (Case 6, Table) a marked diurnal variation in plasma 17-OHP level was seen, from 0*7 ,ug/100 ml at midnight to 13 8 ,ug/100 ml at 9.30 a.m. the following morning. Rapid suppression of the plasma 17-OHP level was also noted in this child. Two hours after intravenous administration of 100 mg hydrocortisone the level had fallen from 13-8 ,g/100 ml to 3-5 ,ug/100 ml and two hours later to 1 5 ,ug/100 ml.
Plasma from 8 children with CAH, who were on treatment with cortisone, was assayed before and 30 minutes after tetracosactrin stimulation. 2 were boys and 6 were girls, their ages ranged from 11 months to 12 years, and the duration of treatment from 10 months to 10 years. The 4 children with salt-losing CAH received salt supplements but no salt-retaining hormone. All showed a rise in plasma 17-OHP as illustrated in the Fig. Random plasma 17-OHP levels were compared with the 17-oxosteroid excretion in 16 children with treated CAH. Thirteen children with a normal 17-oxosteroid excretion (allowing for the )f Plasma 17-Hydroxyprogesterone 63 contribution of administered cortisone) all showed plasma 17-OHP levels of less than 1 .5 ,ug/100 ml, whereas 3 children with raised 17-oxosteroid excretion showed levels of 4 * 8, 5 * 0, and 8 6 sLg/100 ml. (Strott et al., 1969) . This method is sensitive and specific but too complex and prolonged for diagnostic use. The method described here is simple, rapid, and has adequate sensitivity and specificity for the diagnosis of CAH, though failure to separate progesterone from 17-OHP limits its value in other situations. The plasma progesterone is raised in CAH but only to approximately 5% of the 17-OHP level (Strott et al., 1969) , and since progesterone shows less than half the competition for corticosteroid-binding globulin (CBG), the error so caused is small. Moreover, since progesterone undergoes 21-hydroxylation in the biosynthesis of aldosterone, the raised level is a consequence of the primary biochemical defect. The slight overestimation of the 17-OHP level that results will, therefore, increase the ability of the assay to discriminate between subjects with CAH and normal subjects.
Discussion
Our results show that untreated CAH due to 21-hydroxylase deficiency, in both simple virilizing and salt-losing forms, is associated with high levels of plasma 17-OHP from as early as the 6th day of life. The marked diurnal variation demonstrated in one patient was an unexpected finding, as it has been assumed that no variation would occur (Strott et al., 1969) .
Present methods for the diagnosis of CAH have a number of limitations (Clayton, 1970) , and measurement of plasma 17-OHP offers theoretical and practical advantages. The metabolic clearance rate of plasma 17-OHP in CAH is approximately the same as in normal subjects (Strott et al., 1969) so the plasma level is directly related to the production rate. High plasma levels which result from deficiency of 21-hydroxylation are unlikely to occur in other conditions. Collection of urine specimens, a considerable problem in infancy, is avoided. The diagnosis can be made within 11 hours using only a small capillary blood sample; this is a major advantage when, in an infant seriously ill with salt loss, diagnosis is a matter of urgency. When treatment is started, suppression of the abnormal metabolites provides final confirmation of the diagnosis. Several days of treatment have been necessary to demonstrate suppression of the urinary metabolites, but the plasma 17-OHP falls within hours.
Since treatment may be started before CAH is confirmed biochemically, it is important to be able to substantiate the diagnosis in a child already treated with a suppressive dose of a glucocorticoid.
To avoid interrupting therapy, ACTH can be given and the appearance of abnormal urinary metabolites demonstrated. However, several days of ACTH stimulation may be necessary (Clayton, Edwards, and Makin, 1971) . A rise in plasma 17-OHP occurred 30 minutes after tetracosactrin stimulation in children with CAH but not in normal children nor in adults presumed to be heterozygous for the condition.
One of the problems in the management of CAH is the adjustment of glucocorticoid dosage throughout childhood and adolescence to achieve adequate adrenal suppression and yet permit optimal growth. The preliminary results of plasma 17-OHP determinations in children on maintenance therapy show that poor control is associated with high levels. It seems probable that carefully timed plasma levels will provide a more sensitive and convenient index of the adequacy of treatment than the methods currently in use, and this aspect of the problem is being studied.
